Agroforestry plantations offer environmentally acceptable strategies for the reuse of saline drainage waters. Tree species suitable for use in such systems must be selected for survival and sustained growth under highly saline conditions. In this screening trial, four clones of Eucalyptus camaldulensis Dehn. (4543, 4544, 4573, and 4590) and one clone of E. rudis Endl. (4501) were grown in greenhouse sand cultures irrigated with sodium sulfate-dominated waters. Solution compositions were prepared to simulate saline drainage waters typically found in the San Joaquin Valley of California. Electrical conductivities of the solutions ranged from 2 to 28 dS·m -1 . Treatments were replicated three times. All plants survived and were harvested after 7 weeks under saline treatment. Plant height was measured weekly and shoot biomass was determined at final harvest. The salinity levels that resulted in a 50% reduction in biomass production (C 50 ) were 16.4 (4573), 17.1 (4543), 17.7 (4544), 29.0 (4590), and 30.0 dS·m -1 (4501) . Over the range of salinities from 4 to 20 dS·m -1 , clones 4501, 4590, and 4573 generally maintained higher relative growth rates (RGR) than did clones 4544 and 4543. However, at the highest salinity, RGRs of clones 4501, 4544, and 4573 were significantly greater than those of clones 4543 and 4590. Assessed on the basis of biomass production, clones 4501 (E. rudis) and 4590 (E. camaldulensis) showed exceptional potential for use in agroforestry systems where the saline drainage waters are sodium sulfate-dominated.
Drainage water reuse has been promoted as an environmentally sound method for the disposal of saline drainage water (Rhoades, 1989) . A multiple-use approach has been advocated to conserve water, reduce drainage water volume, and minimize the use of otherwise arable land for the construction of temporary disposal facilities, such as evaporation ponds (Cervinka, 1994; Shannon and Grieve, 1999) . In this system, selected crops would be grown and irrigated in sequence, starting with very salt-sensitive species, and continuing with increasingly salt-tolerant crops. The drainage water becomes progressively more saline as each successive crop is irrigated. Water recovered from the most salt-tolerant agronomic crop could be used to irrigate agroforestry plantations (San Joaquin Valley Drainage Program, 1990) . Suitable tree species for this phase of the saline drainage water reuse system must possess several desirable traits, including high water use, tolerance to salinity, tolerance to waterlogging, high nutrient uptake rate, and, ideally, rapid production of a marketable product. Species selection must be cause of generally high outcrossing rates, and, in addition, individuals of this species can hybridize naturally with those of some other species (Eldridge et al., 1993) . Therefore, high levels of genetic variation in salt tolerance might be expected in evaluation trials. This inherent variability was emphasized by Thomson (1988) , who conducted an evaluation of 53 seed sources from the natural range of E. camaldulensis. The mean salinity causing mortality of seedlings grown in solution cultures ranged from 358 to 636 mM NaCl. Furthermore, trees derived from initially uniform seedlings chosen for high growth rate may differ by 2-or 3-fold in growth rate after transplanting to the field (Low et al., 1983) . This intraspecific variability has been exploited, and individuals selected for the desired trait(s) (e.g., salt tolerance, high growth rate) have been propagated vegetatively, and maintained as clonal lines (Low et al., 1983) .
As tolerance to salinity may not be compatible with other desirable quantitative traits (e.g., high growth rate, high water use, rapid biomass production, marketable product), investigators should make final selections by screening the clonal lines under saline conditions.
The objectives of this study were to evaluate survival, biomass production, and coppicing ability of four clonal lines of E. camaldulensis and one selection of E. rudis grown under saline conditions in greenhouse sand cultures.
Materials and Methods
The following eucalypt clones were selected for this study to confirm field performance observations of their salt tolerance (V. Cervinka, F. Menezes, personal communication): 4501 (E. rudis), 4543, 4544, 4573, and 4590 (all E. camaldulensis) . Clonal ramets, derived from micropropagation, were obtained from Twyford Plant Laboratories, Santa Paula, Calif. One ramet of each clone was planted into each of 24 sand tanks in a greenhouse on 24 May 1995. Mean shoot height at the time of transplanting was 50 cm. The tanks (1.2 × 0.6 × 0.5 m deep) contained washed sand having an average bulk density of 1.4 Mg·m -3 . At saturation, the sand had an average volumetric water content of 0.34 m 3 ·m -3 . Plants were irrigated three times daily with a base nutrient solution (BNS), made up with city of Riverside municipal water, consisting of (in mol·m -3 ): 2.5 Ca 2+ , 1.25 Mg 2+ , 15 Na + , 3 K + , 6.9 SO 4 2-, 7.0 Cl -, 5.0 NO 3 -, 0.17 KH 2 PO 4 , 0.050 Fe as sodium ferric diethylenetriamine pentaacetate (NaFeDTPA), 0.023 H 3 BO 3 , 0.005 MnSO 4 , 0.0004 ZnSO 4 , 0.0002 CuSO 4 , and 0.0001 H 2 MoO 4 . This BNS served as the control treatment. Each irrigation was of 15 min duration, which allowed the sand to become completely saturated, after which the solution drained into 765-L reservoirs for reuse in the next irrigation. Water lost by evapotranspiration was replenished automatically each day to maintain constant osmotic potentials in the solutions.
Three weeks after the ramets were transplanted, eight salinity treatments were imposed with sulfate-dominated irrigation wa-based primarily on the predicted long-term root-zone salt concentration, along with the possibility that waterlogging may interact with salinity to further increase plant stress. In addition, species should be tolerant to nutrient imbalances, as well as to specific ion toxicities (Marcar and Crawford, 1996; Marcar et al., 1990) .
Eucalypts have a capacity for high water use because they often grow rapidly when planted in new environments (see, for example, Eldridge et al., 1993) . One notable example of the successful use of eucalypts for evapotranspiration purposes is their use during the 19th century to drain the Pontine Swamps near Rome, a region that had been a malarial swamp since Roman times (Allender, 1990) . In addition to water use applications, eucalypts have wide adaptation to many adverse environments, and occur naturally within or near coastal or inland sites of Australia where soils or groundwaters are saline and soils are generally nutrient-poor. Depending on the geographic origin of seed source (provenance), E. camaldulensis exhibits good tolerance to such stresses as salinity, drought, low temperatures, and prolonged inundation (Donaldson et al., 1983; Farrell et al., 1996a Farrell et al., , 1996b . The LD 50 value (the salinity at which tree survival is reduced by 50%) has been reported as 400 mM NaCl (≈38 dS·m -1 ) for E. camaldulensis seedlings grown in greenhouse solution cultures from seed collected from 10 lacustrine sites in western Victoria (Blake, 1981) .
Considerable genetic diversity can exist within seed sources of E. camaldulensis be-ters designed to simulate saline drainage waters commonly present in the San Joaquin Valley of California, and compositions of increased salinity that would result from further concentration of these drainage waters (Table  1) . Electrical conductivities (EC i ) of the saline treatments were increased to the desired levels by incremental additions of the salts over five consecutive days to avoid osmotic shock to the plants. Targeted EC i values of the solutions were 2 (BNS only), 4, 8, 12, 16, 20, 24 , and 28 dS·m -1 . The pH of the solutions was not controlled and ranged from 7.7 to 8.0. The experiment was a randomized block design with eight salinities, five eucalypt clones, and three replications.
Temperature, radiation, and humidity were measured at hourly intervals at a point slightly above the plant canopy. During the study, greenhouse air temperatures ranged from 22 to 43 °C (mean = 32.5 °C) during the day and from 14 to 22 °C (mean = 18.6 °C) during the night. Relative humidity ranged from 43% to 52%, with a mean of 46.1% during the day and 49.2% during the night.
Plant heights in cm (±SD) for the five clones at the start of salinization treatments were: 4501, 50 (4.9); 4543, 68 (5.0); 4544, 56 (3.1); 4573, 51 (2.9); 4590, 66 (4.1). Thereafter, plant height and stem diameter were measured weekly.
Visual observations of salt toxicity damage and nutrient deficiency (Dell, 1995) were made on a daily basis. Seven weeks after the initiation of salinization, entire shoots were harvested by cutting ≈10 cm above the surface of the sand to leave four or five nodes on the stump. Irrigation treatments were continued for an additional 6 weeks to determine coppicing ability and survival. At harvest, leaves, branches, and main stem portions were separated, washed with deionized water, dried, and weighed to determine total shoot biomass per sapling.
Ion analysis. The irrigation waters were analyzed at weekly intervals by inductively coupled plasma optical emission spectrometry (ICPOES) to confirm that target concentrations of Ca 2+ , Mg 2+ , Na + , K + , S, and P were maintained. Chloride was determined by coulometric-amperometric titration.
Statistical analysis. Mean relative growth rates based on plant height were calculated for each clone. For each replicate of the experiment, relative growth rates were calculated for each clone within each EC treatment using the formula:
[1]
for each pair of observations (i = 1...6, from 13 June to 31 July), where ht is shoot height and cdd is cumulative degree days. Values of RGR were calculated from alternate observations rather than successive observations to minimize fluctuations in calculated RGR values caused by autocorrelation of statistics at temporally adjacent observations (Poorter, 1989 ). Next, a weighted mean over time of these RGR values was calculated for each replicate Finally, a mean RGR over replicates was calculated for each clone × salt combination. The exponential equation of van Genuchten and Hoffman (1984) was used to determine shoot biomass yield:
where Y m is the yield under nonsaline conditions, EC i is the average electrical conductivity of the irrigation water salinity expressed in dS·m -1 , and α and β are empirical constants. Shoot biomass-EC i curves were fitted to absolute biomass and corresponding EC i data to produce estimates of the Y m , α, and β in Eq. 3.
The relative values were calculated by defining the estimated value of Y m = 1. Confidence intervals (95%) for the equation and upper and lower boundaries were estimated for the expected mean value, and include the variance of the error as well as the variance of the parameter estimates (SAS Institute, 1985) . The salinity values that resulted in 50% reduction in biomass production (C 50 ) were calculated for each clone from Eq. 3 where Y/Y m = 0.5. Growth analysis based on final plant height was calculated with the reformulated logistic growth equation described by Thornley (1990) :
where x is final plant height; t, cumulative thermal time; b, EC i raised to the power 3/2. The fitted parameters x i , µ 1 , and µ 2 , represent initial height, intrinsic growth rate, and sensitivity of the growth rate to salinity, respectively. In order to compare clones, Eq. 4 was extended to 15 parameters so that each clone had its own µ 1 , µ 2 , and x i . Standard statistical procedures were used to test for lack of fit, and to test the significance of clone-specific parameters (Myers, 1990) .
Results
Leaves of E. camaldulensis clones 4543, 4544, and 4573 bore striking similarity to each other. They were grayish-green and were larger (elliptic), thicker, and more schlerophyllous than those of either 4590, a clonal line of the same species, or 4501, E. rudis. Leaves of 4501 and 4590 were orbicular to obovate and non-glaucous. The wide differences in leaf morphology and anatomy of E. camaldulensis have been related to significant provenance variations in Australian trials (James and Bell, 1995) . The northern provenances of E. camaldulensis generally have more glaucous foliage than do provenances of the same species of southern origin (Allender, 1990) .
At the end of the 7 weeks under salinity treatment, all the plants survived and none showed visible signs of salt injury, ion toxicity, or nutrient deficiency disorders as illustrated by Dell (1995) .
Foliage of the clonal ramets contributed most to aboveground biomass. Under control conditions, between 56% (4590) and 66% (4543) of total shoot biomass was allocated to the leaves, and salinity (28 dS·m -1 ) increased these percentages to 66% (4590) and 73% (4543) (data not shown).
Analysis of the biomass data showed that the clones could be divided into two distinct groups based on C 50 values ( Fig. 1A-E ). Values for clones 4573, 4543, and 4544 were 16.4, 17.1, and 17.7 dS·m -1 with coefficients of determination (r 2 ) of 0.84, 0.84, and 0.82, respectively.
In comparison, biomass production by clones of 4501 and 4590 was more variable (r 2 = 0.49) and C 50 values were higher at 29.0 and 30.0 dS·m -1 , respectively.
Despite the use of clonal material, variability in biomass production within salinity treatment differed depending on the clone. Clone 4544 had the most uniform response (CV 13.2; Fig. 1A) ; whereas clones 4501 (CV 20.6; Fig.  1B ) and 4590 (CV 21.8; Fig. 1C) were the most variable. Coefficients of variation for the other clones were 18.8 and 19.6 for clones 4543 and 4573, respectively ( Fig. 1 D and E) . Coefficients of variation for plant height were: 4501 (7%); 4543 and 4544 (8%); 4573 (5%); and 4590 (7%).
Analysis of plant height data with the reformulated logistic model (Thornley, 1990) also ranked clones 4501 and 4590 as least sensitive to salinity.
Relative shoot growth rate of all clones decreased with increasing salinity (Fig. 2) . At salinity levels up to 20 dS·m -1 , growth rates of clone 4543 and 4544 were generally lower than those of the other three clones. However, clone 4544, along with 4501 and 4573, maintained significantly higher relative growth rates at 28 dS·m -1 than did 4543 and 4590.
Based on both final shoot biomass mea- surements and relative growth rate calculations, all clones grew as well or better when irrigated with waters salinized at 4 or 8 dS·m -1 than when the control solution (2 dS·m -1 ) was used.
Coppicing under saline conditions. Most of the remaining stumps, still irrigated with the treatment solutions, sprouted ≈1 week after the initial harvest. Survival of the coppiced trees after 6 weeks was not correlated with salinity treatment (Table 2) . Allender (1990) reported that E. camaldulensis coppiced reliably. This observation was borne out in the present experiment; regrowth survival across salinity treatments was higher for clones of this species than for the E. rudis clone (4501).
Discussion
In this short-term greenhouse study, the performance of all five Eucalyptus clones across salinity levels was generally in agreement with earlier results from saline field trials with other E. camaldulensis genotypes (Dunn et al., 1994; Farrell et al., 1996b) and glasshouse pot cultures (Blake, 1981; Marcar, 1989) . Sands (1981) reported a high survival rate for E. camaldulensis seedlings grown for 3 months in saline (400 mM NaCl) pot cultures. van der Moezel et al. (1991) found that E. rudis survived in sand cultures salinized at 35 dS·m -1 ,
